Abstract: Ni deposited on HA powder was prepared by electroless plating process without sensitization and activation treatment. The deposited powder obtained was characterized by energy dispersive spectroscopy (EDX) and x-ray diffraction (XRD). The microstructure and hardness of the sintered powder were examined by scanning electron microscopy (SEM) and Vickers hardness respectively. From the result, the nickel existence in the deposition was confirmed by the EDX analysis. The diffraction peaks at 44.5 and 64.7 o (2θ) of planes (111) and (211) respectively were belong to nickel. Nickel are homogeneously dispersed in HA matrix with grain size between 0.25-2µm after sintered at 1250 o C. The improvement of 93% and 180% in average hardness and flexural strength respectively were achieved with nickel presence in HA compared to pure HA.
Introduction
Hydroxyapatite (Ca 5 (PO 4 ) 3 OH) has been used extensively as a material for implant and bone regeneration [1] due to its bioactivity [2] . However the brittleness limits the applications to nonload bearing applications [3] . On the other hand, biocompatible metal has high mechanical properties but classified bioinert. To obtain an implant showing both bioactive and appropriate mechanical properties, several techniques has been developed such as plasma spraying [4] , ball milling [5] and electroless plating. The extremely high temperature used in plasma spray process may lead to decomposition of HA. Another issue is the poor adhesion of the plasma-sprayed HA coating to titanium substrate and microstructure of the coating is difficult to control. Even though the ball milling technique was quick and the composition properties can be controlled, the non uniform distribution and agglomeration of metal and ceramic effect the densification after sintering. Electroless plating seem to be attractive method because it provides many advantages such as uniformity of deposits, lower cost and simple processing. In recent years, the electroless technique has been successfully prepared on many ceramic powder [6] . Most of the study employed the sensitization and activation treatment to optimize the coating. For hydroxyapayite study, the fully coating on powder surface might retard its bioactivity properties. Therefore, the aims of this study are to deposit nickel on the hydroxyapatite (HA) powder by NiCl 2 .6H 2 O precursor in alkaline bath without sensitization and activation steps and characterized the properties of deposited powder.
Experimental.
HA powder from Merck company with code no 21223 was used in this study. The powder was put into a beaker immersed in the water bath. The bath composition and the operation parameter are given in Table 1 . Nickel chloride was a main salt and the sodium hypophosphate was a reducing agent of the bath during the deposition process. The deposition was carried out at temperature 80-70 o C and the pH of the bath was adjusted to 8 by sodium hydroxide. The deposited powder was rinsed with deionised water for several times and dried in oven. The powder obtained after deposition process were sieved before compact in the rectangle steel die of 6x1.5cm in dimension. The compaction was carried out by using uniaxial pressing load pressure of 45MPa followed by sintering at temperature 1250 o C for 1.5h. The average grain size of Ni deposited HA particles was analyzed by Malvern Mastersizer machine. The surface morphology of the pure HA and HA-Ni after bath were characterised by an SEM (model JEOL) equipped with an energy dispersive spectroscopy (EDX) attachment. X-ray diffraction (XRD) (model shimadzu-6000) analysis was performed on the powder to determine the possible growth of Ni crystal structure on the HA powder. The bulk density and apparent porosity of sintered specimen were measured by using Archimedes principle. The microstructure after sintering was examined by SEM and the mechanical properties of specimen were determined by Vickers hardness and bending testing measurement.
Results and discussions
Mechanism of nickel deposit on hydroxyapatite particle.
From the experiment, after 15 minute deposition, a lots of bubbles appeared in the solutions and the bath colour turned to be dark greyish. At longer stirring time, the interactions became stronger with the solution full of bubbles. During this interaction period, adsorption and reduction process are involved. The formation mechanism of nickel deposited on HA particle surface is schematically depicted in Figure 1 . After few minutes stirring, Ni 2+ in the solution bath was adsorbed to the HA surface by weak physical bonding.It is due to a good adsorbent of hydroxyapatite because of its high sorption capacity for actinides and heavy metals, low water solubility, high stability under reducing and oxidizing conditions [7] . Many of recent study reported the successful of HA in removal of metal ions such as Pb 2+ , Co 2+ and Ni 2+ from aqueous solutions by adsorption mechanisms [8] [9] . The redox interactions were then take place and described by the following Equations [10] (Figure 1 ).
X-ray diffraction analysis.
The XRD pattern of pure HA powder and HA-Ni powder after electroless deposition process are shown in figure 3 . From the crystalline peak result of HA powder in Figure 3(a) , all most intense peaks are refered to the HA pattern (PDF no 09-432). On the other hand, Figure 3(b) shows the existence of other diffraction peak angles 44.5 o and 64. 7 o (2θ) at (111) and (211) planes respectively which are belong to Ni (PDF no:01-1258). This result indicates that the nickel ions from solution bath was reduced to nickel which deposit on the HA powder after the electroless deposition process. 
Surface morphologies and chemical composition
The SEM micrograph and EDX analysis of pure HA and HA-Ni powder are illustrated in Figure 4 and 5. Figure 4 (a) illustrates a distribution of fine particles of HA with average size of 7µm. After the electroless deposition process, coarsen surface of bright region distributed on the dark region surface which are referring to Ni and HA respectively as illustrated in Figure 5 (a). It is indicated that Ni was deposited on the HA surface and increased the average particle size to 8.8 µm. EDX result in Figure 5(b) shows the spectrum peak of nickel and confirmed the existence of nickel on the HA powder. 
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Microstructure of sintered specimen. Figure 6 shows microstructure of sintered pure HA and HA-Ni composite at 1250 o C. From the microstructure in Figure 6(b) , two different regions of HA and Ni can be observed. Because the atomic number of Ni is far higher than HA, the scattering contrast results in a white feature for Ni grains and grey for HA grains. From Figure 6 (b), the micrograph clearly reveal that Ni grains are agglomerated, and located at thriple junctions and are homogeneously dispersed in HA matrix compare to pure HA micrograph (Figure (a) . The grain size of HA and Ni are between 2-4.5µm and 0.25-2µm respectively.A homogeneous bright spherical grains of Ni distributed within dark region of HA can be seen at lower magnification (700 x) as illustrated in Figure 6 (c). Mechanical properties of sintered specimen. Table 2 shows the physical and mechanical properties of specimen sintered at 1250 o C. It is clearly seen the addition of nickel affect the properties after sintering. At 1250 o C, the porosity is reduced from 3% in the pure HA to 0.2% in HA-Ni specimen. An average sintered density of 2.90g/cm 3 was recorded in pure HA specimens which is equivalent to 92% of theoretical density of HA. In this work, presence of nickel in HA by deposition process improved the sintered density of HA to 3.01g/cm 3 which is equivalent to 95% of theoretical. Vickers hardness and bending testing were performed to determine the mechanical properties of sintered specimen. From the hardness result shown in table 2 proved that the surface hardness of HA is influenced by the presence of nickel. Pure HA showed a hardness of 210Hv, whereas HA-Ni showed hardness of 405Hv. This represents 93% improvement for HA-Ni. It is clearly evident from the density result that with increase in density of sintered specimen, their hardness improves. The results of bending testing showed an average flexural strength of 70MPa in HA-Ni which is a 180% improvement compared to flexural strength of pure HA (25MPa).
